The treatment of severe chronic immune thrombocytopenia (SCITP) in pediatric patients is challenging. We evaluated the clinical efficacy and safety of eltrombopag in children with SCITP in China. This observational study was carried out at the Hematology Oncology Center, Beijing Children's Hospital between April 2017 and July 2018. Patients with SCITP who had at least 12 weeks of eltrombopag treatment and follow-up data were included. Baseline data, such as age, drug dosage, pre-study platelet count, concomitant medications, and bleeding severity, were collected. Treatment response rates, durable response rates, bleeding events, and adverse events were assessed during eltrombopag therapy for at least 12 weeks. The median duration of eltrombopag therapy was 16 (12-48) weeks. The overall, complete, and partial response rates were 75% (15/20), 35% (7/20), and 40% (8/20), respectively. The durable response rate was 70% (14/20). No serious bleeding events or serious adverse events occurred during the study period. Eltrombopag appears to be effective and safe in children with SCITP, although additional research is needed to confirm this.
Introduction
Immune thrombocytopenia (ITP) is the most common autoimmune cytopenia in children. ITP is defined as an isolated low platelet count (<100 × 10 9 /L) in the absence of an underlying cause, and those with thrombocytopenia lasting >12 months are considered to have chronic immune thrombocytopenia (CITP). 1 Severe ITP is reserved for patients who have clinically relevant bleeding, defined as bleeding at presentation of sufficient magnitude to mandate treatment or by the occurrence of new bleeding symptoms requiring additional interventions or an increase in drug dose, which usually occurs when the platelet count is below 10-20 × 10 9 /L. It is important that children with severe chronic immune thrombocytopenia (SCITP) receive appropriate treatment due to the bleeding risk associated with a low platelet count.
Eltrombopag is an oral, nonpeptide thrombopoietin receptor agonist (TPO-RA) that stimulates thrombopoiesis and is considered suitable for use in children. 2 In pivotal clinical trials, the reported response rates of ITP to eltrombopag ranged from 59% to 88%, and the treatment was well tolerated. 3, 4 Continuous long-term treatment with eltrombopag for up to 3 years was reported to be safe, and the drug maintained its efficacy when used at a stable dose. 5, 6 Two international, randomized, double-blind, placebo-controlled trials of eltrombopag in pediatric patients with CITP demonstrated that the platelet response rate was 36%-44%. 7, 8 However, the safety of eltrombopag in children of China with severe ITP is largely unknown. To add to the growing body of knowledge regarding the use of eltrombopag in children, we describe our single-center experience of using eltrombopag to treat patients with SCITP. The primary aim of our study was to observe the clinical efficacy and safety of eltrombopag in the treatment of children with SCITP.
Materials and methods

Patients
This observational study of pediatric patients with SCITP who had received previous therapy was undertaken at Beijing Children's Hospital, Capital Medical University, Beijing, China between April 2017 and July 2018. Patients who had at least 12 weeks of eltrombopag treatment and follow-up data were included in the analyses. The study was approved by the Ethics Committee of Beijing Children's Hospital, and informed consent was obtained from each enrolled patient or his or her legally authorized guardian.
Treatment with eltrombopag
Before the start of therapy with eltrombopag, all patients were informed about potential adverse events, appropriate administration of the drug, and possible interaction with certain foods. Clinical hematology and liver function tests were evaluated regularly throughout therapy with eltrombopag, and the dosage regimen was adjusted based on the platelet count. The initial dose of eltrombopag was 50 mg once daily for pediatric patients aged 6-17 years and weighing ⩾27 kg and 1.5 mg/kg once daily for pediatric patients aged 1-5 years or weighing <27 kg. 7 Platelet count was monitored weekly for 2 weeks and then monthly. Dose adjustments were permitted up to a maximum dosage of 75 mg/day with the aim of obtaining a platelet response that was at least a doubling of the baseline count in the absence of bleeding. If the platelet count was <50 × 10 9 /L after treatment for at least 2 weeks, the daily dose was increased by 12.5 mg for children aged 1-5 years and 25 mg for children aged 6-17 years. We decreased the dose by 12.5 mg once per day at 2-week intervals if the platelet count increased to more than 200 × 10 9 /L. If the platelet count increased to more than 400 × 10 9 /L, we interrupted treatment and it was resumed at the next lower dose based on 12.5 mg increments once the patient's platelet count had decreased to less than 150 × 10 9 /L. 9 
Efficacy and safety analysis
Demographic and clinical characteristics were recorded, including age, gender, time since diagnosis (weeks), treatments for ITP prior to starting eltrombopag, platelet counts at diagnosis and before and during eltrombopag therapy, doses of eltrombopag used, duration of therapy, treatment response rates (see below), bleeding events, and adverse events during treatment with eltrombopag.
The primary efficacy endpoints were treatment response rates. A complete response (CR) was defined as a platelet count > 100 × 10 9 /L and the absence of bleeding. A partial response (PR) was defined as a platelet count between 30 × 10 9 /L and 100 × 10 9 /L with at least a doubling of the baseline count and the absence of bleeding. The overall response rate (ORR) was defined as CR rate + PR rate. A durable response (DR) was defined as a PR or CR persisting for ⩾4 weeks with a stable dose of eltrombopag. No response (NR) was defined as a platelet count < 30 × 10 9 /L, less than a doubling of the baseline count or bleeding events when the patient had received an appropriate dose of eltrombopag for 12 weeks. Safety was assessed based on the incidence of serious bleeding events (such as mucosal bleeding) and the occurrence of any adverse events, which were assessed according to the Common Terminology Criteria for Adverse Events.
Statistical analysis
Demographic and baseline clinical data are summarized using descriptive statistics. Descriptive summaries of the data were carried out using Excel (Microsoft, Redmond, WA). Normally distributed continuous variables are presented as the mean and standard deviation (SD), and nonnormally distributed continuous variables are described as the median and interquartile range (IQR). Discrete variables are expressed as percentages. Quantitative and qualitative data were compared using the Mann-Whitney U and Fisher's exact tests, respectively. Statistical significance was assumed for P-values < 0.05. The statistical analyses were performed using SPSS 21.0 for Windows (IBM Corp., Armonk, NY).
Results
Patient characteristics
A total of 20 patients with SCITP were enrolled (see Table 1 ). The median age of the patients was 7 (1.4-14.6) years: nine patients (45%) were aged 1 to <6 years, nine patients (45%) were aged 6-12 years, and two patients (10%) were aged >12 years. The male-female ratio was 14:6. The baseline platelet count was 4 (1-12) × 10 9 /L. The median duration of ITP was 1.8 (1.0-13.2) years. Of these patients, 2 (10%) had previously received sirolimus and 18 (90%) had been treated with corticosteroids, highdose immunoglobulin or rituximab.
Eltrombopag dosage and efficacy
The median duration of eltrombopag therapy and follow-up was 16 (12-48) weeks. Median time to response was 14 (5-40) days (Figure 1 ). The median platelet count at the initial response was 32 × 10 9 /L (12-167 × 10 9 /L). Median peak platelet count achieved during eltrombopag therapy was 100 × 10 9 /L (40-470 × 10 9 /L).
An escalating dose of eltrombopag after the 2-week observation period was used in 5/20 patients (25%), while the initial dose was maintained in 15/20 patients (75%). The ORR was 15/20 (75%), the CR rate was 7/20 (35%), and the PR rate was 8/20 (40%). A DR was observed in 14/20 patients (70%) and in 14/15 patients (93.3%) showing CR or PR. The median maintenance dose of eltrombopag was 1.67 mg/kg (1.2-2.3 mg/kg) in children aged 1-5 years, and the drug was effective in eight patients (mean dose: 1.60 mg/kg) and ineffective in three patients (mean dose: 1.76 mg/kg). The median maintenance dose was 50 mg (37.5-75 mg) in children aged 6-17 years, and the drug was effective in two patients (mean dose: 50 mg) and ineffective in two patients (mean dose: 50 mg). Statistical analysis showed that the efficacy of eltrombopag in each age group was independent of the drug dose (P = 0.87 and 0.73, respectively). Among the patients (15 cases) in whom eltrombopag therapy was effective, 10 patients received the reducing dose according to the rules and 5 effective patients received the initial dose. In 10 "reducing dose" patients, an effective level was maintained in 9 patients and one patient's platelet count decreased after a reduction in eltrombopag dose but recovered after subsequent dose escalation (initial dose). Besides, five patients (received the initial dose) still kept an effective level.
Four patients (20%) received concomitant ITP medication (low doses of prednisone, 0.3-0.5 mg/ kg, separately, Qod-Biw) during treatment with eltrombopag. It is not yet possible to evaluate the synergistic effect of glucocorticoid combined with eltrombopag. A clinical response to eltrombopag was also shown by a reduction in bleeding events from 75% at baseline to 10% at week 16.
Safety
No serious adverse events were reported. Only one case (5%) of rash occurred. Headache (usually the most frequently reported adverse event) was not observed. No adverse events caused treatment withdrawal. Two patients (10%) had minor bleeding episodes during treatment with eltrombopag. Liver transaminases were not elevated during eltrombopag therapy. No patients developed new cataracts or thromboembolic events during the study, and no malignancies or thromboses were reported. In all of the 20 cases, only 1 patient's platelet count rose to 470 × 10 9 /L, which was reduced to the normal range by timely dosage adjustment, and no adverse reaction was found.
Discussion
Treatment approaches for children with SCITP are largely based on evidence from studies in Table 1 . Demographic and clinical characteristics of 20 patients with severe chronic immune thrombocytopenia treated with eltrombopag.
No. Age adults, and few randomized trials have assessed the treatment response in children. This is the first study to systematically evaluate the clinical efficacy and safety of eltrombopag in the treatment of pediatric patients with SCITP in China. This report describes our experience with eltrombopag in real-world practice.
Efficacy
The ORR of our study was 75%, which is higher than that reported previously for children with CITP but lower than that reported for adults with ITP. We speculate that dietary restrictions and swallowing difficulties may make it difficult for the youngest children to comply with treatment. Due to fewer research data in real-world and application experience, especially for children, we pay more attention to its safety. For careful consideration, we initially used it as a third-line treatment. These may also contribute to a lower response rate to that observed in adults with CITP. Previous studies 10 have found a correlation between the efficacy of eltrombopag and its dosage, but this was not detected in our study. This discrepancy may be related to certain factors relevant to the children in our study, such as the underlying pathophysiology or the use of concomitant medication. In our study, the mean effective and ineffective doses of eltrombopag in children aged 1-5 years were 1.60 and 1.76 mg/kg, respectively. For children aged 6-17 years, the effective and ineffective doses were the same. Younger children generally are prescribed higher doses of drugs relative to body size than older patients probably because they have higher clearance 7 and tolerance levels. Whether pediatric patients who do not respond to 75 mg eltrombopag would respond to higher doses is currently being investigated and will be reported in a future study.
Clinical evidence obtained in patients with ITP and other thrombocytopenias has demonstrated the feasibility of combining eltrombopag with immunosuppressants. It is possible that simultaneous treatment of insufficient platelet production with eltrombopag and increased platelet destruction with other ITP medications may elicit a synergistic response in patients refractory to monotherapy-based approaches. However, we were unable to test this possibility in this study due to the very small sample size (only four cases of concomitant therapy).
Interestingly, the number of patients showing bleeding symptoms in our study was reduced following treatment with eltrombopag irrespective of whether or not they were responders, although the median platelet count remained between 12 × 10 9 /L and 18 × 10 9 /L in those who did not respond during the course of treatment. It is possible that enhanced platelet adhesion may have contributed to this finding: eltrombopag upregulates the platelet collagen receptor (glycoprotein VI (GPVI)), 11 and this action may have reduced the risk of hemorrhage in both treatment responders and nonresponders.
Safety
The adverse event profile was similar to that seen in adults with CITP, except that we observed no thrombotic events (this may be related to the physical characteristics of children) or malignancies (perhaps because children tolerate eltrombopag better than adults). Our findings are consistent with a previous randomized, placebo-controlled, phase 3 study. 7, 8 However, other studies 12 reporting the effects of TPO-RAs on the bone marrow in adults have shown a small risk of progressive fibrosis after more than 2-5 years of treatment. Although the results of adult studies are reassuring, the impact of long-term eltrombopag therapy on the bone marrow of children has not been studied and remains unknown. Longer follow-up and serial bone marrow examinations will be needed to establish whether long-term administration of eltrombopag has detrimental effects on the bone marrow. Although hepatotoxicity and thrombotic events are important side effects of eltrombopag, they are infrequent. In such a small number of patients, it is very possible that they would not encounter any significant adverse events due to the rare nature of these events. Additional studies with larger sample sizes are needed to assess the long-term efficacy and safety of eltrombopag in the treatment of pediatric patients with SCITP. Eltrombopag was effective and safe as a second-or third-line treatment option in patients who were intolerant or refractory to first-and/or second-line therapy. Treatment with eltrombopag resulted in a stable increase in platelet count and a reduction in the need for concomitant therapy for ITP. Our findings suggest that the use of eltrombopag might be a reasonable approach to supporting the platelet count while waiting for a spontaneous improvement in children. The efficacy of eltrombopag in the treatment of children with SCITP is encouraging. Thus, eltrombopag could be a valuable addition to the limited treatment options available for the management of SCITP in children who show an inadequate response to first-line therapies. However, our study is limited in its retrospective design, small sample, and relatively short follow-up. We are unable to comment on the impact of eltrombopag on health-related quality of life (HRQoL) or specifics regarding bleeding symptoms that may guide treatment decisions. Because a retrospective assessment of bleeding severity is difficult, we only describe whether bleeding events occurred. Since improved HRQoL was endorsed as a reason for initiating a TPO-RA, the application of HRQoL measures both a priori and throughout the treatment may provide useful information. Prospective trials collecting information on decision making, HRQoL, and bleeding assessment are critically needed.
Our results represent patients on treatment for variable periods of time, making conclusions about long-term therapy difficult. Hence, we focus on the 12-week treatment therapy, which is similar to the initial time period of many clinical trials. Only 20 patients were included, but this is the first singlecenter report of eltrombopag for pediatric ITP patients in China. Future trials need to identify the population of Chinese pediatric patients who will benefit the most from the agent, proper dosing strategies to expand their use, and comparison of patientrelated outcomes with other therapeutic options.
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